The data also show that, through the use of the geostrophic and gradient wind approximations, half the time errors greater than 29 percent and 11 percent, respectively, are introduced into the derived results.
MONTHLY W E A T H E R R E V I E W
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where V is the horizontal compone'nt of the velocity, V, is the geostrophic velocity, f is the Coriolis parameter, F is the frictional force per unit mass, and k is the unit vertical vecltor. The term on the left hand side of (1) represents the change of horizontal velocity following the three-dimensional path of an air parcel and may be expanded into three terms involving partial derivatives, where tu is the vertical velocity a,nd V is the horizontal differential operator.
The constant level balloon data determine the sum-value of the first two terms on the right hand side of (2). The sum of these two terms (local change of velocity plus horizontal advection of velocity) is hereafter called t.he partial acceleration. The value of the third term on the right hand side of ( 2 ) . t,he veptical advection of velocity, may be approximated along a constant level balloon trajectory by determining the vertical motion by the adiabatic technique (vertical mo't,ion proportional to the ch,ange of temperature following the balloon and inversely proportional to the deviation of the lapse rate from the process lapse rate along the trajectory), and by determining the vertical wind shear from rawin data.
Based on a limited number of computa.tions from the 1958 flights and r e p o d in reCerence IS], the magnimtude of the vertical advection of velocity averages about 25 percent of the magnitude of the partial acceleration, and 'thus is certainly not negligible. Nevertheless, in this paper it is assumed that the pastial acFleration data derived from the hransosondes represents a reasonable approximat.ion to the total acceleration since the bulk of the. transosonde positions are over m a n s where it is imprac'tical to estimate the vert,ical advection of velocity by the techniques describ,ed above.
I n order to pass from the value of the acceleration to the value of the geostrophic deviation it is necessary, as seen from (1) , to neglect friction. While attempts have been made to estimate the magnitude of the frictional force from a combination of radiosonde ancl transosonde data, the evaludtions, particularly over the oceans, are far too crude for inclusion here. Hence, an nddition:rrl degree of uncertainty (in addi,tion to the neglect of the. vertical advection of velocity) enters into the values of t,he geostrophic deviations presented below.
With the neglect of friction and the vertical adveotion of velocity we find, after taking the clot. product of ( 1) with the unit vector along and normal to the wind, that, respect.ively,
where d e / d t is the angular velocity of an amir parcel and a' is the angle of indmft ('the angle between wind and geostrophic wind). Taking into account the findings of Neiburger and Angel1 with respect It0 the time intervals for which the velocity and acceleration should be computed in order to avoid large errors in these parameters due to radio-direction-finding errors in the positioning of tlhe transosondes, the speed was determined from a 4-hour transosonde displacement ; the tangential accelerat,ion ( d V / d t ) was determined from the change in 4-hour average t,ransosonde speed in 8 hours; and the normal acce,lerRtion ( V d e / d t ) was determined a.s the product of the mean transosonde speed during an 8-hour time interval and the change of 4-hour average transosonde direction in 8 hours.
IJpon eliminating the geostrophic wind speed between ( 3 ) and (4), the angle of indraft can be expressed in terms of t.hree known variables ; namely, the tangential acceleration, t.he normal acceleration, and the Coriolis acc:>ler.ation (to). From knowledge of the angle of indraft, t.he geostrophic wind can be evaluated from either ( 3 ) or ( 4 ) . The cross-contour component of the ageostrophic wind ( V sin i ) can then be determined as well as the along-contour component of the ageostrophic wind ( V cos i--V g ) . I n the diagrams in this paper V -V , is substituted for V cos i -V g since, for the magnitudes of tshe angles of indraft obtained at 300 mb., the two quantit,ies are practically identical. The magnitudes of tlle zonal and meridional wind components are indicated in the lower diagram of figure 1. These data demonstrate t,he well known fact that the mean value of the zonal wind component (here 30 n1. sec.-l) is considerably larger than the mean value of t.he meridional wind component (17 m. sec.?) .
The absolute magnitude of the angle of indraft, indicated in Ithe top diagram of figure 2, is based on 6% calcnlations. The mode is indist.inct and lies in the range 0-6 degrees, while the median is 8 degrees and the mean is 11 degrees. I n 15 percent of the cases the angle exceeds 20 degrees,. The considerable difference between median and me' ari is attributable to a relatively few large values of the angle of indra$t of doub'tful validity. For comparison, Godson found by substituting synoptic wind data at 700 mb. in the quahion of motion a mean value of 14 degrees for the angle of indraft. The larger mean mean d u e for his data would be expected since the magnitude of the angle of indraft is inversely proportional to the wind speed, as shown in section 6 of this paper.
In the lower diagram of figure 2 is shown the algebraic magnitude of the angle of indraft, considered positive when the flow is toward low pressure and negative when the flow is toward high pressure. It is evident from the cumulative frequency curves in this diagram that in the rrwm the angle of indraft is of grea,ter magnitude when the flow is toward high pressure than when the flow is toward low pressure. It is believed that this tendency is. at least pnrtially connected n7it.h the occasional loss' of geostrophic control in regions of inertial instability in the deceleration region downstream from sha8rply cuImd.; ridges.
Tlle nlagnitude of the vect.or geostrophic deviation.
I V-V, 1 is indicated in the upper diagram of figure 3.
Tlle mode is 2 4 m. sec.-l, the n1edia.n is 10 m. sec-l and tile mean is 12 m. sec.". I n 15 percent of the cases the tleviation is greater than 20 m. sec.-l. For comparison, Jfachta found an average ~7alue of 13 m. sec.-l f o r the vector geostrophic deviation at 300 mb. during the winter nlonths. His chta were obhined by comparing the wind and pressure gradient (geostrophic wind) on analyzed synoptic maps.
The absolute magnitudes of the cross-contour (V sin i) and along-contour ( V -T7g) components of the vector geostrophic deviation are given in the lower diagram of figure 3. I n the case of the cross-contour component, the-' sec.-l for the along-contour component of the vector geostrophic deviation. This smaller value would be expected since the magnitude of this component is a function of the wind speed, as will be shown below.
The algebraic magnitude of 'the cross-contour flow is shown in $he upper diagram of figure 4. I n agreement with the findings for the angle of indraft, the cumulative frequency curves indicate that the magnitude of the crosscontour flow is greater when the flow is toward high pressure than when the flow is toward low pressure.
The algebmic magnimtude of the along-contour component of the vector geostrophic deviation is given in the lower diagram of figure 4. I n this diagram the difTerence between the cumulative frequency curves is striking indeed, with the difference between the wind speed and geostrophic wind speed being much larger, in &he mean, when the flow is cyclonic than when the flow is arlticyclonic. The respective median values are -8 m. sec.-l and 6 m. see-l. It may be that this asymmetry is due to the existence of, a type of upper bound on the degree to which the wind may be supergeostrophic on ridges (twice the geostrophic value), whereas there is no such bound in troughs.
ERRORS RESULTING FROM THE USE OF GEOSTROPHIC AND GRADIENT WIND EQUATIONS
The m a g n i t u d e of the partial through the introduction of the geostrophic approximation, half the time a.n error exceeding 29 percent is introduced into the derived results. The magnitudes of the ratios of zonal and meridional components of partial acceleration and Coriolis acceleration are given in the lower diagram of figure 5. These data suggest that the neglect of the acceleration in the zonal component of the equation of motion results in an untenable approximation, since for this component the mode of the ratio is 0.30-0.40 and the median is 0.41. I n the case of the meridional component of the equation of motion, however, the ratio of partial acceleration and Coriolis acceleratio8n has a mode of only 0-0.10 and a median value of only 0.25. I n this diagram the relatively large percentage of cases where the ratio exceeds 1.00 is due mainly to the existence of "cusp" points in the trajectories. A t such points the velocity component may go toward zero at a time when the component of the partial acceleration is far from zero.
The magnitude of the ratio of tangential and normal components of partial acceleration is of interest since the gradient wind approximation assumes the tangential component to be negligible in comparison with the normal component. It is seen from figure 6 that the mode of this ratio is 0-0.20 while the median is 0.67. I n 38 percent of the cases the tangential component of the partial acceleration is larger than the normal component. From consideration of the median ratio of the tangential and normal components of partial acceleration and the median ratio of partial acceleration and Coriolis acceleration we estimate that through the use of the gradient wind approximation half the time an error exceeding 11 percent is introduced into the derived results. 
VARIATION OF AGEOSTROPHIC PARAMETERS WITH LATITUDE AND SPEED
In this section and in section 7 the data are presented in the form of group means, regression lines, and correlation coefficients (figs. 8-11). On either side of the group means, lines have been drawn extending a distance equal t,o two standard errors from the mean. If the data are randomly drawn from a normal population there is only a 5 percent chance that the true group mean lies outside the extent of these lines. An estimate of significance of variability at the 5 percent level can then be obtained by noting whether a straight vertical line can be drawn so as to intersect all these lines extending either side of the group mean. The regression lines and correlation c,oefficients serve to yield an indication of the overall trend but it is not meant to imply thereby that these trends are actually linear in nature. It is also possible to determine the correlation coefficient which would indicate significance at the 5 percent level. Based on the z transformation presented in Hoe1 [ 93, it is found that for the number of cases available here a correlation greater than "0.08 is significant at the 5 percent level.
With regard to the variation of the parameters with respect. to latitude it must be emphasized t,hat the resu1,ts are biased since the transosondes sample chiefly cyclonic flow patterns at southerly lati,tudes and anticyclonic flow patterns St northerly latitudes. If transosondes were released from stations along a given meridian but at different latitudes, it is probabsle that different mean values would bs found from those presented below. acceleration and the ratio of tangential and normal components of partial acceleration. As would be expected, the ratio of partial accelerat.ion and Coriolis accelera,tion varies greatly with la,titude ( Y=-0.32) , ranging from a mean value of 0.30 at northerly latitudes to a mean value of 0.70 at southerly latitudes. The group means indicate that the ra'tio is almost constant north of latistude 40", with a rapid, nearly linear increase in the value of the ratio as one progresses southward from latitude 40". The ratio of the tangential and normal components of the partial acceleration shows little variation with latitude ("0.03).
The group means a,lso indicate no significant variations except at latitude 60° where the large values of the normal components of partial acceleration on the crests of traj&ries overbalance the tangent,ial components,
The two diagrams in figure 11 give the variations with speed of the ratio of partial acceleration and Coriolis acceleration and the ratio of tangential and normal component~ of partial accelerat'ion. As would be expected, the ratio of partial acceleration and Coriolis acceleration r shows a significant decrease in magnitude with increase in speed ("0. 38) with the mean value of the ratio varying from 0.66 at low speeds to 0.20 at high speeds.
The ratio of tangential and normal components of partial acceleration shows no significant variation with s p e d ( r = -0.02) , the group means at all speeds resting close to 0.70.
CONCLUSION
Statistics based on 635 evaluations from 300-mb. constant level blalloon data indicate that through the use of the geostrophic wind approximation half the time an error greaiter than 29 percent will be introduced into the derived results, whereas through the use of the gradient wind approximation half the time an error greater than 11 percent will be introduced into the derived results. On it percentage basis both khe geostrophic and gradient wind
